Solubility, residual monomer and water sorption
The solubility is a property of acrylic resin, representing the not reacted substances releasing (residual monomer, plasticizers and initializers). It is characterized as an undesirable property of resins, since they should be insoluble in oral fluids. Residues releasing from a polymerized resin base can promote tissular reactions in users of prosthesis . From this point of view, the degree of conversion is one of the most important characteristic of resin, on account of the high residual monomer levels that could be unreacted. Its presence has an adverse effect on physical and mechanical properties (Yunus et al., 1994) as well as on the biocompatibility (Ilbay et al., 1994) . Acrylic resin also presents water sorption that is directly related to the polar properties of resin molecules, the physical process of water diffusion through intermolecular space (Takahashi et al., 1998) , and the amount of residual monomer in the polymerized mass (Wong et al., 1999) . Thus, polymerization degree is directly related to resin's ability of absorbing water (Meloto et al., 2006) . Polymerization takes place as the free radicals open the double bonds of the methyl-methacrylate, creating a chain reaction where the monomer attaches to polymer free radicals. The degree of monomer conversion to polymer structure of PMMA is a measure of the carbon double bonds (C=C) converted into carbon single bonds (C-C) (Bartoloni et al., 2000) .
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According to Azzarri et al. (2003) , from the appropriate selection of power and the resin's curing time, it is possible to optimise the level of residual monomer and a low cytotoxicity keeping at the same time better mechanical properties. Because of the quick and instantaneous heating, the polymerization of monomers could be damaged by the microwave energy. However, classical studies have been shown that microwavepolymerized acrylic resin presents lower or the same residual monomer levels relative to conventionally polymerized resins (McCabe & Basker, 1976; Austin & Basker, 1980; Austin & Basker, 1982; Huggett et al., 1984; DeClerck, 1987; Truong & Thomasz, 1988; Al Doori et al., 1988; Sadamori et al., 1994; lbay et al., 1994; Yunus et al., 1994; Shlosberg et al., 1989; Jacob et al., 1997) . Other researches showed resin polymerized by microwave energy presented similar solubily, residual monomer or water sorption levels than conventional or fast polymerization process.
Authors and date Materials and groups Methods and measurements
Comments and conclusions Urban et al. (2007) Four hard chair-side reline resins (Duraliner II-D, Kooliner-K, Tokuso Rebase Fast-TRF and Ufi Gel hard-UGH) (short and long polymerization cycles ) One heat-polymerized denture base resin (Lucitone 550-L) (short and long polymerization cycles ) Immersion in hot water High performance liquid chromatography, expressed as a percentage of residual monomer.
Statistical differences in residual monomer percentage were found among all materials (K >D >UGH > LLong >TRF > LShort ). The reduction in residual monomer promoted by water bath and microwave post-polymerization treatments could improve the mechanical properties and biocompatibility of the relining and denture base materials. Meloto et al. (2006) Vipi Cril heatpolymerized acrylic resin (73ºC for 9 h) and Vipi Wave microwave resin (20 min/90 W and 5 min/450 W) Specimens (m1) were stored in distilled water at 37 ± 1ºC during 30 days (m2), and weighed. Water sorption (g/cm3) was calculated using the formula: WS = (m2 -m1)/ V.
No difference was found between the group fabricated using water bath and microwave polymerization.
Machado et al. (2004)
Vipi Cril heat-cured acrylic resin (water bath -74 ± 1 ºC for 9 h; Microwave oven -500 W/ 3 min.)
Solubility test and percentile solubility
The association between polymerization by microwave irradiation and mechanical polishing showed lower percentile solubility, indicating lower residual substances releasing.
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Authors and date Materials and groups Methods and measurements Lai et al. (2004) PMMA denture base polymer (Optilon-399) -(water-bath at 70 8C for 9 h; resin blocks was processed at 80, 160, 240, and 560 W for 15, 10, 7, and 2 min, separately + additional 2 min at 560 W.
Comments and conclusions
Internal temperatureThermocouples. Solubility -samples weigh percentage of after specific treatment.
Large difference in the curing temperature was observed.
The results of the temperature measurement and the solubility analysis indicated that a microwave oven for curing resin was much faster than a conventional waterbath, and the degree of curing also increased a little.
Microwave energy can efficiently polymerize and cure denture base polymer from the results of insoluble weight percent and the curing temperature. Phoenix et al. (2004) 6 commonly used polymethyl methacrylate denture base resins. 
ADA
Porosity and color stability
Porosity has been attributed to a variety of factors such as air entrapped during mixing, monomer contraction during polymerization, monomer vaporization associated with the exothermic reaction, and the presence of residual monomer (Keller & Lautenschlager, 1985; Wolfaardt et al., 1986) . According to Tager (Tager, 1978) porosity is a property of solids that relates to their structure and is expressed in the presence of voids (pores) between separate grains, layers, crystals, and other elements of a coarse structure of a solid. This definition emphasizes the fact that the concept of porosity can be applied to solids, and that pores are spaces not between molecules, but between super molecule structures. Other authors (Taylor, 1941; Sweeney et al., 1942; ) demonstrated that insufficient mixing of monomer and polymer, processing temperatures higher than 74ºC, packing of the mold, and inadequate compression on the flask may cause porosity in denture base resin. Depending on polymerization conditions, up to 11% porosity has been observed associated with decreased mechanical properties and poor esthetics (Keller & Lautenschlager, 1985) and the potential harboring of organisms and retention of fluids (Davenport, 1970; Compagnoni et al., 2004) . Irregularities and porosities present on denture surfaces offer a favorable niche to retain stain and bacterial biofilm, and because of this denture base polymers are susceptible to color shifting. It depends not only of the polymerization method but also on the chemical characteristics of the material (Polyzois et al., 1999) . Considering the processing methods for 428 acrylic resins, some authors (Austin et al., 1982; May et al.,1992) have stated that polymerization for short period of time promotes higher color instability. Porosity and its consequences have been studied to resin processed by microwave energy (Reitz et al., 1985; Wolfaardt et al., 1986; De Clerck, 1987; Al Doori et al., 1988; Truong & Thomasz, 1988; Levin et al., 1989; Shlosberg et al., 1989; Alkhatib et al., 1990; Bafile et al.,1991; Sadamori et al., 1994; Ilbay et al.,1994; ) and some authors verified that it depends on the base thickness (Sanders et al., 1987) or the selection of the material, despite of the microwave processing. (Yannikakis et al., 2002) . Prevalent studies on porosity and its consequences are listed on Table 2 Conventional resin cured by water bath or microwaves energy showed the highest number of pores after relining May et al. (1996) Seven conventional denture base materials One microwave heat cured denture base material processed with the microwave method. Conditions of accelerated aging to test for color stability.
Color measurements were made before weathering and at 300, 600, and 900 hours.
Color changes occurred after accelerated aging in heat-cured denture base resins and Acron GC microwave acrylic resins processed with the microwave. Table 2 . Studies on porosity and color stability of microwaved resin 4. Hardness, transverse strength, flexural strength, shear bond strength, tensile bond strength, impact strength, roughness, and modulus of elasticity Curing processes have been modified in order to improve the physical and mechanical properties of those materials, and also to afford the technical work of the professionals. The relationship between the physicochemical characteristics and the final properties of a material are of fundamental importance to obtain a resin with the desired properties. The constituent polymer of the powder exhibits a high average molecular weight and a broad of molecular weight distribution. The powder -liquid ratio determines the time dependence of monomer conversion and the rate of polymerization for the formation of the cross-linked network that grows throughout the chains of the base polymer (Wallace et al., 1994) . Both characteristics of the polymerization rate and conversion, are proportional to the concentration of the reactive species as well as to the instantaneous temperature (Urabe et al., 1999) . For the microwave-cured acrylic resins, it has been demonstrated that the temperature developed during the reaction is not constant: it increases quickly at the beginning, goes through a maximum and then decays, being able to reach peaks of the order of 150-200 ºC, depending on the working conditions (Gourdinne et al., 1979; Jacob et al., 1997) . Hence, both the power of the microwave and the time of exposition can be regulated to control in these www.intechopen.com
The Use of Microwave Energy in Dental Prosthesis 431 systems the rate of polymerization and the conversion degree. The long time of microwaves exposition could enhance the rate of secondary reactions of bond breaking on the pending chains breaking bonds by free radical mechanisms, which would be competitive with the main curing reaction. Properties like hardness, transverse strength, flexural strength, tensile bond strength, and modulus of elasticity, in some studies, are not modified by the longer sample exposition time or by the microwave power, probably because these secondary reactions do not change the cross-link density of the material. Only the impact strength would feel their effect because of the shortening of the pendant chains. The reduction of the impact strength for longer molecules was clearly stated, as well as the influence of the length of the crosslinking agent on the resin mechanical properties (Caycik & Jagger, 1992) . Researchers investigated mechanical properties of microwave polymerized resins and showed that acrylic resin processed by microwave energy presented the same characteristics of conventional procedures of processing (Nishii, 1968; Stafford & Handley, 1975; Stafford & Huggett, 1978; Faraj & Ellis, 1979; Gourdinne et al., 1979; Kimuta et al., 1983; Reitz et al., 1985; Hayden, 1986; De Clerck, 1987; Kimura et al., 1987; Truong & Thomasz, 1988; Al-Doori et al., 1988; Al-Mulla et al., 1988; Shlosberg et al., 1989; Levin et al., 1989; Alkhatib et al., 1990; Hogan & Mori, 1990; Al-Hanbali et al., 1991; Smith et al., 1992; Caycik & Jagger, 1992; . Chen et al., 1993; Frangou et al., 1993; Jacob et al., 1997) . Studies on mechanical properties also showed similar or better results of conventional or light cured resins (Table 3) .
Authors and date Materials and groups
Methods and measurements
Comments and conclusions Faot et al. (2008) Onda Cryl resin. 
Comments and conclusions Azzarri et al. (2003) Acrylic denture base resin microwave polymerized (samples were prepared in 200, 500, and 800, for 5 and 10 min each side up).
Hardness ( Rockwell method) Strength (Charpy method). Young's modulus of elasticity -technique described by Stafford & Handley (1975) according to ISO 1567.
The mechanical properties of the acrylic denture base resin microwave polymerized depend both on the exposition time and microwave power. From the appropriate selection of power and time of curing of the resin it is possible to obtain the best mechanical properties. Schneider et al. (2002) Transverse strength and maximum deflection -assay machine in three points (Instron 125) 5mm/m. Impact -Charpy assay.
There were differences among tested materials that can be resulted from composition and polymerization methods. Table 3 . Studies on hardness, transverse strength, flexural strength, shear bond strength, tensile bond strength, impact strength, roughness, and modulus of elasticity of microwaved resin.
Base adaptation, dimensional alteration, artificial tooth movement, and teeth occlusion
Considering dimensional alteration of denture or bases resin, when conventional water bath and microwave energy were compared, some authors (Reitz et al., 1985; Levin et al., 1989; Uchida et al., 1989; Takamata et al., 1989; Al-Hanbali et al., 1991; Nelson et al., 1991; Wallace et al., 1991; Sanders et al., 1991; Barbosa et al., 2002; Keenan et al., 2003) found no difference between the two techniques; also, these results are not in agreement with others (Sanders et al., 1991; Nelson et al, 1991) . Sanders et al. (1991) observed in their study that microwave polymerization provided a lower degree of artificial tooth movement, while Nelson et al (1991) reported a greater degree of tooth positional changes when microwave polymerization was employed. Although different investing mediums or polymerization techniques, have been compared (Reitzet al., 1985; Levin et al. 1989; Nelson et al., 1991; Turck & Richards, 1992 ) the authors could not identify studies published concerning the outcomes provided by the combination of different flasking methods and polymerization techniques. Dimensional changes and distortion of the denture due to the investing stone mold and the heating of acrylic resin can promote tooth movement and, consequently alterations in the occlusal contacts and occlusal vertical dimension (OVD). (Rizzatti- Barbosa et al., 2006; Rizzatti-Barbosa et al., 2005) . Acrylic resin processing methods do not avoid displacement of artificial teeth during denture inclusion and processing, which might increase occlusal vertical dimension due to production of premature contacts (Barbosa et al., 2002) . It is hence necessary to adjust the oclusal surface of artificial teeth, which alters the occlusal anatomy, especially of posterior teeth (Lai et al., 2004) . In addition, these alterations may cause mucosal injuries and affect the functionality of the prostheses, thus causing damage to the stomatognathic system, temporomandibular disorders and discomfort to the patient (Yagi et al., 2006) . Simultaneous polymerization of maxillary and mandibular complete dentures with the teeth in occlusion by means of a special double flask (DF), has been described as a more rapid and simple method for investing and polymerizing prostheses (Rizzatti- Barbosa et al., 2005) . This inclusion technique was claimed to save time and decrease occlusal alteration during denture processing (Meloto et al., 2006) . It may be an easier and faster method of investing and polymerizing prostheses. The first designed DF was a metal copper-aluminum flask (DMF) for simultaneous polymerization of both maxillary and mandibular prostheses in a warm water bath (Dental VIPI Ltd, Pirassununga, Brazil). The double polyvinyl chloride flask (DPVCF) (Dental VIPI Ltd, Pirassununga, Brazil) was developed following the same principles for simultaneous processing of both dentures in occlusion through microwave energy heating (Rizzatti- Barbosa et al., 2005) . This new technique associating acrylic curing with microwave energy can be considered a clean method that saves time, reduces occlusal interferences, preserves the teeth occlusion, and maintains the OVD. (Rizzatti- Barbosa & Ribeiro-Dasilva, 2009 ). In the classical literature, some data on the acrylic resins morphology alteration can be found (Huggett et al., 1984; Polyzois et al., 1987; Chen et al., 1988; Jagger, 1996 Linear dimensional alteration -pre and post water sorption period (linear microscopy).
All samples presented expansion after water sorption period. Wong et al. (1999) Dentures polymerization by 3 processing techniques (dry and wet heat; different rates of cooling).
Dimensional changestraveling microscope. Water sorptionelectronic balance (water uptake).
Water uptake after deflasking was low. The dentures did not reveal differences in shrinkage at water saturation. Oven-processed and water bath processed acrylic resin dentures showed similar dimensional shrinkage at water saturation. Sadamori et al. (1997) Acrylic resin dentures. Different thickness. Processing: conventional method, fluid resin technique, and microwave curing method.
Residual monomer -gas liquid chromatography. Dimensional accuracy, and resin stability. Dimensional accuracy and stability of acrylic resin dentures could be influenced by the processing method. The thickness of the bases, and the shape and size of the dentures influenced on dimensional changes.
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Authors and date Materials and groups Methods and measurements
Comments and conclusions Rodrigues Garcia et al. (1996) Denture bases of conventional acrylic resin (water bath 73ºC/ 9 hours) and specific resin for microwave polymerization (500 W/3m). Dentures were relined by addition method.
Accuracy -weight of an impression material put between the denture base and cast die.
Conventional resin cured by water bath or microwave energy showed better adaptation.
Rizzatti- Barbosa et al. (1995) Dentures in acrylic resin: Acron MC (microwaved -500W/3m); Lucitone 150 (water bath -72 o C/9h). Water Storage for 30 days.
Posterior palatal fit weight and measurement of impression material between the denture base and master cast.
There were no difference among the resins, polymerization methods and water storage period. Salim et al. (1992) Rectangular acrylic resin specimens processed by three methods: a conventional method, the SR-Ivocap system, and a microwave curing method.
Dimensional accuracychange of the distance vector V (calculated by means of measurements of the distances between fixed points on specimens).
SR-Ivocap system exhibited less dimensional change. SR-Ivocap system might produce more accurate denture base than conventional and microwave curing methods. Table 4 . Studies on base adaptation, dimensional alteration, artificial tooth movement, and teeth occlusion of microwaved resin
Studies about the effects of microwave disinfection
Bacterial and yeast plaque on dentures may lead to serious infections, such as systemic candidal infection, particularly in patients who have debilitating diseases (Montagner et al., 2009) . The use of microwave energy to disinfect dentures has been suggested to overcome the problems associated with denture cleaning. Microwave energy was introduced in 1985 for sterilization of nonautoclavable dental materials. It was shown that exposed to microwave energy for 10 minutes can kill microorganisms if the denture is attached to a three-dimensional rotating device (Rohler & Bulard, 1985) . Lining materials have been found to be more prone to microbial adhesion than acrylic resin base materials and have been demonstrated to interact with oral microorganisms because of their surface texture and the physical/chemical affinity between the materials. Surface roughness of the resilient liners may differ among materials (Zissis et al., 2000; Jin et al., 2003) , and rougher surfaces enhance the adhesion of microorganisms onto resilient lining materials (Bulad et al., 2004 ) that may allow fungal growth (Brosky et al., 2003) . The microorganisms from the plaque on the denture surface may expose patients and dental personnel to infection (Witt et al., 1990) . Denture disinfection has been recommended as an essential procedure for preventing crosscontamination and the maintenance of a healthy oral mucosa. The use of microwave irradiation to disinfect dentures and reliners has been suggested (Burns et al., 1990; Webb et al., 1998; Baysan et al., 1998; Thomas et al., 1995; Baysan et al., 1998; Webb et al., 1998) and stimulated as a disinfection model (Fitzpatrick et al., 1978; Lamb et al., 1983; Rohler et al., 1985; Jeng et al., 1987; Friedrich et al., 1988; Najdovski et al., 1991; Arikan et al., 1995; Atmaca et al., 1996; Lin et al., 1999; Kedjarune et al., 1999; Yeo et al., 1999; Nikawa et al., 2000; Jin et al., 2003; Pavarina et al., 2003; Gonçalves et al., 2006; Setlow, 2006; Gonçalves et al., 2007) . Since that, researches have been developed in order to ensure the safe use of microwaving disinfection (Table 5 ). Disinfection by microwave irradiation did not adversely affect the hardness of all materials evaluated. Roughness varied among materials and the effect seems to be material dependent. Novais et al. (2009) Auto polymerised denture reline materials (Kooliner). Conventional heat polymerized denture base resin (Lucitone 550).
Authors and date Materials and groups Methods and measurements
Comments and conclusions
Porosity -after polymerization; after two cycles of microwave disinfection; after seven cycles of microwave disinfection; after 7 days storage in water at 37ºC. Number of pores -Scanning electron microscopy at magnification x 100.
Differences in the porosity amongst the materials and for different experimental conditions were observed following microwave disinfection. Paranhos et al. (2009) Microwave polymerized acrylic (Onda-Cryl). Immersed in 0.5% NaOCl, and 1% NaOCl.
Color stability -portable colorimeter. Surface roughness -Surftest SJ-201P surface analyzer (resolution of 0.01 μm). Flexural strength -universal testing machine ( 50 kgf load cell / crosshead speed of 1 mm/min).
Microwave showed similar results after treatment in all groups. Dovigo et al. (2009) Ribeiro et al. (2008) Three polymethyl methacrylate (PMMA) resins: a conventional water-bath, heat activated acrylic resin (Lucitone 550), rapid polymerizing acrylic resin (QC-20-QC)), and microwave activated acrylic resin (Acron MC-AC). Two cycles of microwave disinfection (650W for 6 min -once, twice and seven times).
Shear bond strength between denture teeth and acrylic resins having different polymerization cycles -knife-edge shear test in a universal test machine (MTS-810).
The shear bond strength between the denture teeth and the acrylic resins Acron MC and Lucitone 550 was not affected by microwave disinfection. After two cycles of microwave disinfection, the shear bond strength of teeth to QC-20 acrylic resin was increased. Seven cycles of microwave disinfection significantly decreased the shear bond strength between teeth and QC-20 acrylic resin. Pero et al. (2007) Two heat-activated denture base resinsconventional (Clássico -water bath); designed for microwave polymerization (Onda-Crylmanufacturing microwave cycle, short microwave cycle and long microwave cycle). Thicknesses -2.0, 3.5, and 5.0 mm. Immersion in water.
Porosity.
Microwave polymerization cycles and the specimen thickness of acrylic resin influenced porosity.
Porosity differences were not observed in the polymerized resin bases in the water bath cycle for any thickness.
Consani et al.
Maxillary denture base adaptation (Clássico -74º C for 9 hours Cytological smears and mycological cultures -after and before treatment (days 15 and 30 follow-up).
Microwaving dentures was effective for the treatment of denture stomatitis.
Banting et al.
Thirty-four subjects with a positive test for C. albicans pseudohyphae. Subjects in the microwave treatment group -maxillary denture microwaved (850W/1m). Procedure repeated three times. Standard denture soak treatmentliquid disinfect the dentures (.2% chlorhexidine digluconate solution overnight for 14 days).
Infestation of the tissue surface of the maxillary denture; cytological smears.
Patients whose dentures were microwaved have delayed dramatically reinfestation of the denture surface and infection of the adjacent soft tissue. Microwave treatment is not recommended for all dentures and should be used with caution.
Dixon et al. 
Conclusion
The use of microwave energy in the processing of acrylic resin is based on both, classic and recent studies. The observed differences when using microwave or water-bath curing usually are not clinically significant where mechanical properties of microwave and waterbath cured resins are not significant in the resins properties. The frequency and size of porosity in thick specimens could be reduced to 30% by a longer polymerization time at a lower wattage. Microwave curing as a rule, has little effect on the properties of resins when the choice of a suitable power and polymerization time are adequate, reducing porosity or dimensional alteration to a minimum level. Because it offers some important physical properties as good as conventional processing, along with the advantage of being a quicker and easier method, it should also be considered in processing removable partial dentures or complete dentures, and as a disinfection method of resin prosthesis. (1996) . Effect of microwaves on survival of some bacterial strains. Acta microbiologica et immunologica Hungarica, Vol.43, No.4, 371-378, ISSN 1217-8950 
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